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Monocytopoiesis and blood monocyte were examined in 8 patients with disseminated 
chronic eczematous diseases, 8 patients with disseminated psoriasis vulgaris, and 8 patients 
with mycosis fungoides in plaque or tumor stage. Monocytopoiesis was moderately 
stimulated in all these patients. The stimulation manifested itself by: (I) a rise in the relative 
number of promonocytes in bone marrow in all patients with eczema, in lout of 8 patients 
with psoriasis, and in 7 out of 9 examinations in patients with mycosis fungoides; (2) a rise in 
['H lthymidine labeling indices of medullar promonocytes (8/8 eczema, 7/7 psoriasis. 8/9 
mycosis fungoides); and (3) a rise in the naphthol-AS-D-chloroacetate esterase activity of 
blood monocytes, indicating premature monocyte marrow egress (3/5 eczema, 7/8 psoriasis, 
9/9 mycosis fungoides>. In eczema and psoriasis the mean enhancement of monocytopoietic 
activity was similar but Ie s pronounced than in mycosis fungoides. In the latter disease there 
was no correlation between measured parameters and visible skin lesions. 
The results were interpreted as indicative of increased monocyte consumption by 
pathologic. immunologic. and/or inflammatory processes. 
The monocyte-macrophage system plays a cru-
cial role in several fundamental biologic reactions 
such as inflammation [11 and cell-mediated immu-
nity [2-5 I. These processes generally are associated 
with an increase in the number and the functional 
potential of macrophages. Experimental models of 
cutaneous inflammation in animals have demon-
strated that three basic mechanisms contribute to 
the initial accumulation and chronic maintenance 
of large numbers of macrophages at the reaction 
site [I): (1) recruitment of fresh blood monocytes 
which transform into macrophages following their 
transit from blood to tissue: (2) self-replicat ion of 
macrophages by mitotic division; and (3) selection 
of macrophages with high life-expectancy. 
Recruitment of blood monocytes prevails during 
the acute phase of inflammation; self-replication is 
the major macrophage source in high-turnover 
granuloma; long-living macrophages predominate 
in low-turnover granuloma [1). These observations 
seem to be valid not only for characterization of 
macrophage kinetics in experimental granuloma 
but also for inflammatory processes and delayed-
type hypersensitivity reactions in general. 
Humoral factors are assumed to mediate the 
behavior of monocytopoiesis and its descendants. 
the monocyte and macrophages. The colony-
stimulating factor (CSF) produced by monocytes 
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and macrophages seems to be involved in the 
regulation of monocytopoiesis [61 . Some lympho-
kines, such as chemotatic factor (CF ). migration 
inhibition factor (MIFl. and macrophage aggrega-
tion factor (MAF) are assumed to mediate the 
accumulation of blood-borne macrophages in de -
layed type hypersensitivity reactions (5). These 
activities are released from sensitized lymphocytes 
upon antigen contact in vitro. They can also be 
observed in vivo, i.e., in sera of immunized and 
challenged animals (7). Recently MIF -like activity 
was detected in joint fluid of patients with rheuma-
toid arthritis [81 and patients with a variety of 
malignant lymphoproliferative disorders such as 
Hodgkin's disease , non- Hodgkin 's lymphoma . 
chroni c lymphocytic leukemia. multiple myeloma 
(9), and Sezary syndrome [101 . Increased activity 
of MAF was found in sera of patients with exfolia-
tive erythroderma, erythema multiforme, and ery-
thema nodosum 111 J. 
The literature contains several well-defined 
studies of monocyte or macrophage kinetics in 
experimental inf1ammation in animals [1, 2,12.131· 
However, information on corresponding processes 
in man is al most completely lacking. Previous 
studies carried out in our laboratory demonstrated 
that during t he acute phase of infect ion, all macro-
phages appearing at the reaction s ite were re -
cruited from blood monocytes [14 I as found in 
animals [1 I. High normal or slightly enhanced 
monocyte turnover rates were observed in patients 
with chronic disseminated dermatitis (141. indicat-
ing that this type of chronic inflammation is 
partially independent of monocyte recruitment . 
Analyses of monocytopoiesis in patients with acute 
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infections induced by extended surgica l opera tions 
demonstrated a sudden and vigorous stimulation 
of monocytopoiesis. This monocytopoietic stim ula-
tion manifested itse lf by an increase in the number 
and DNA-synthesis activity of promonocytes and a 
premat ure monocyte release from bone marrow to 
blood [15,16]. Determination of these parameters 
seemed useful to characterize monocyte and mac-
rophage kinetics in human di seases. 
For the present study we chose chronic eczema-
tous diseases and psoriasis vulgaris because pa-
tients with both diseases are known to contain 
large numbers of macrophages in their dermal 
eruptions [17-21 J. Mycosis fungoides , a malignant 
lymphoproliferative disorder [22 j, was analyzed 
because macrophages are essential elements in the 
afferent and efferent limbs of immunologic reac-
tions against malignant tumors [23 J. 
PATIENTS 
Patients investigated gave info rmed consent . They did 
not suffer from concomitant infections, inflammatory, 
neoplastic , or hematologic disorders, nor were they 
treated with corticosteroids or cytotoxic drugs at least for 
one week prior to t he examination. In the first two groups 
of patients the eruptions covered more than 30% of the 
skin while skin involvement differed widely in the pa-
tients with mycosis fungoides. 
Chronic, disseminated eczematous diseases (Tab . n. 
Three patients had allergic contact dermatitis; the etio-
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logic agents were neomycin in patient A. G.; chromate, 
nickel sulfate , procaine, aniline, and derivates in patient 
B. J. ; and formaldehyde and nickel sulfate in patient S . 
H. One patient (R. B. ) had atopic eczematous dermatitis 
and allergic contact dermatitis due to neomycin and 
hydroquinone; 3 patients (L. P., S. E., K. P. ) had num-
mular eczematous dermatitis; and 1 patient (R.T.) had 
seborrheic dermatitis. 
Psoriasis vulgaris (Tab . In. This group consisted of 8 
patients suffering from severe psoriasis vulgaris. 
Mycosis fungoides (Tab . lIn . Eight patients with 
clinically and histologically confirmed plaque or tumor 
stage of mycosis fungoides were studied. One patient (G. 
H.) was examined twice, first during the plaque stage and 
1 year later during the terminal , tumor stage. The 
analysis of monocytopoiesis was carried out prior to 
application of specific therapy in all patients except for 
the second examination of patient G. H .. The latter was 
performed 3 months after discontinuation of cytotoxic 
therapy using adriamycin and bleomycin . 
METHODS 
The essential steps of processing bone marrow and 
blood sam ples are illustrated in Figure 1. The deta ils of 
the procedures are described elsewhere [24). In short, 
bone marrow samples were collected by sternal puncture 
and anticoagulated with 0.5% Na,EDTA in 0.70/( NaCl. ln 
order to obtain marrow particles without contamina tion 
of peripheral blood, the samples were filtered through 
nylon gauze and carefully rinsed with au tologous serum. 
Subsequently, marrow particles were incubated for 30 
min at 37°C with 2 ml autologous serum containing 12 
TA.BLE I. Promonocytes and blood monocytes in 8 patients with chronic disseminated eczematous diseases. The results 
are compared with data from 10 healthy subjects (24) 
PTomonocytes 
Patients Clinical type" In 
myelogram 
( 'if-) 
1. R. B.33 yr f AED&ACD 6.4 
2. L. P. 31 yr m NED 4.8 
3. A. G.51 yr f ACD 7.4 
4. B. J. 68yrf ACD 7.3 
5. R. T.47 yr m SD 5.9 
6. S . H.27 yr f ACD 4.1 
7. S. E.37yr m NED 5.2 
8. K. P.69 yr f NED 6.3 
Mean (X) 5.9 
Standard deviation (SD) 1.2 
X 2.9 
Normal SD 0.6 
Range 2.2- 3.7 
XPat ients 2.0 
X Normal 
p. < 0.001 
a AED = Atopic eczematous dermatitis 
ACD = Allergic contact dermatitis 
ED = ummular ecze matous dermatit is 




















Round ['HlTdR per II I 8egmentea L.I. (%) 
420 0.15 0.4 
937 
371 0.06 0.3 
225 0.10 0.8 
228 0.08 2.2 
272 
396 0.19 4.5 
216 
383 0.12 1.6 
238 0.05 1.7 
370 0.15 0.4 
110 0.09 0.2 
150- 590 0.09- 0.59 0.1-0.7 
1.0 0.8 4.0 
















• Probability level t hat means of the variables in normal subjects equal those of patients {t-test for independent 
data). 
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TABLE ll. Promonocytes and blood monocytes in 8 patients with psoriasis vulgaris 
Promonocytes Blood monocytes 
Patients In myelogram I'HjTdR L.I. Round N-AS-D-chloro-per "I acetate esterase Se~mented (Oi ) (%) (activity index) 
1. J. S. 30yrf 5.3 23 714 0.35 98 
2. K. M. 32 yr m 2.0 25 532 0.26 98 
3. G. H . 46yr m 3.5 16 821 0.61 91 
4. W. M. 50 yr f 2.9 21 390 0.43 97 
5. K. B. 22yr m 2.5 16 806 0.27 103 
6. W. H . 35yr m 2.6 15 874 0.39 108 
7. H. C. 50yr m 2.8 24 856 0.26 93 
8.K. E. 34 yrf 1.2 642 0.39 52 
Mean (X ) 2.8 20 704 0.37 92 
tandard deviation 1.2 4 172 0.12 17 
XPatients 1.0 1.7 1.9 2.5 2.2 
X Normal 
p < 0.2 < 0.0005 < 0.0005 < 0.4 0.0005 
TABLE Ill. Promonocytes and blood monocy tes in 8 patient with mycosis fungoides in plaque or tumor stage 
Promonocytes Blood monocytes 
Patient Clinical stage 
1. S. H. 42 yr m plaque 
2a .G. H. 67yrf plaque 
2b G. H.&:! yr f tumor 
3. B. M. 37 yr f tumor 
4. M. E. 41 yr f plaque 
5. F. M. 73 yr f plaque 
6. U. A. 39 yr f tumor 
7. K. B. 49 yr m tumor 
8. F. M. 59 yr m plaque 
Mean (X) 
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May - Grunwald Derra1stratlOn of NoF - Sensitive and NoF - reslstanl 
"Ci ['H ]thymidine (['H ]TdR). Smears were prepared 
and used in part for May- Grunwald Giemsa staining and 
for cytochemical demonstration of promonocytes by si-
multaneous detection of NaF-resistant and NaF-sensi -
tive naphthol-AS-O-acetate esterase (" monocyte ester-
ase") . The latter preparations were processed by autora -
diography . Subsequently, nuclei were stained by Mayer's 
hematoxylin . 
Samples of peripheral blood were used for determina -
tion of the hemogram and for preparation of concentrated 
leukocytes following incubation with ['H]TdR. Smears 
of concentrated leukocytes were processed in the same 
way as the bone marrow preparation. 




FIG . 1. Methodologic processing of bone marrow and 
blood. 
The following parameter were determined by micro-
scopic analysis: 
1. Myelogram (evaluation of 1,000 cells in May- GrUn -
wald Giemsa stained smears) . 
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2. Relative number of promonocytes in myelogram 
(evaluation of 3,000 cells in preparations demonstrating 
t he "monocyte esterase"). 
3. Frequency distribution of morphologically different 
types of promonocytes (see below) and their ['H rrdR 
labeling indices by evaluation of 1,000 enzyme-positive 
promonocytes using autorad iographs of smears exhibit-
ing the " monocyte esterase." Cells counted as labeled 
contained more than 7 grains over the nucleus. 
4. Relative number of blood monocytes (evaluation of a 
number of leukocytes containing 20 monocytes in May-
Grunwald Giemsa stained smears). 
5. Frequency distribution of morphologically different 
types of blood monocytes and their ['HjTDR labeling 
indices (by evaluation of 1,000 monocytes in autoradio-
graphs demonstrating the " monocyte esterase") . 
6. Activity index of naphthol-AS-D-chloroacetate es-
terase of blood monocytes by evaluation of 300 mono-
cytes. 
M orphologic classification. Promonocytes and blood 
monocytes were classified into different groups according 
to their nuclear morphology (Fig . 2): (1) cells with 
lymphocyte-like small round or oval nuclei ; (2) cells with 
large round or oval nucle i; (3) ce lls with large and slightly 
folded nuclei ; and (4) cells with large distinctly folded 
nuclei . Monocytes of group (1) occur only occasionally in 
the peripheral blood. 
RESULTS 
Chronic eczematous diseases. The relative num-
ber of promonocytes in the myelogram was moder-
ately increased in all patients exceeding the nor-
mal by a factor of approximately 2 (Tab. I). In 
addition . there was a ri se in ['H lthymidine label-
ing indices (['H )TdR L.L) of promonocytes in all 
subjects . the mean being about twice the normal 
level. 
Monocyte blood counts were normal in all pa-
tients except 1 (R. B.) demonstrating moderate 
monocytosis. Differentiation of blood monocytes 
according to nuclear morphology did not reveal any 
deviation from the norm al. There was an increase 
in ['H )TdR labeling indices of blood monocytes in 
2 of 5 patients asso'ciated with a slight rise in 
naphthol-AS-D-chloroacetate esterase activity in 3 
of 5 patients. 
Psoriasis l)u/ga ris. The relative number of pro-
monocytes in the myelogram exceeded the normal 
range in J patient only (J . S., Tab. m. whereas 
['H )TdR L.L of promonocytes were increased in 
all cases. 
Monocyte blood counts were increased in all but 
1 patien t. the mean exceeding t he normal level by 
a factor of about 2. In most patients monocytosis 
was assoc iated with a rise in the monocyte fraction 
with round or oval nuclei as well as with monocyte 
naphthol-AS-D-chloroacetate esterase activity. 
M ycosis fungoides. The relative number of pro-
monocytes in the bone marrow aspirate was in-
creased in 6 of 9 examinations. The mean of a ll 
patie nts wa 1.6 times the normal average level 
(Tab. III). There was a rise in ['HJTdR L.L in 8 of 
9 examinations. t he mean exceeding the norm by a 
factor of 2.7. 
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FIG. 2. Morphology, frequency distribution, and func-
tional character istics of promonocytes and blood mono-
cytes. The data represent means of 10 health~' subjects 
[24 ]. 
Monocyte blood counts were increased in 4 out of 
8 examinations. The mean of a ll examinations wa 
increased over the norma l level by a factor of 2. 
M onocytosis was associated with a rise in the 
fraction of blood monocytes with round or O\'al 
nuclei as well as wit h an increase in activity of the 
naphthol-AS- D-chloroacetate esterase. 
t\o obvious associat ion was found between hy-
perproli fe rat ion of monocytopoiesis and t he clini-
ca l stage of the disease. 
Behavior of m orphological/y different promono-
cytes . The number of the va rious types of promon -
ocytes (i.e .. promonocytes with different morphol-
ogy of the nuclei: small round or ova l, large round 
or oval. slightly folded. and distinctly folded. Fig. 
2) showed a distinct pattern of deviation from the 
norm . This pattern was basically similar in ec-
zematou diseases. psoriasis vulgaris. and in myco-
sis fungoides (Tabs. IV-YD. The smallest type of 
promonocyte with small round or oval. lym-
phocyte-like nuclei generally ex hibited the h i~hest 
rise in relative number as well as in [3H )TdR L.L 
The relative number and L.r. of promonocytes 
with large. round or oval nuclei. slightly folded 
nuclei. and distinctly folded nuclei were increased 
to a lesser extent. 
D1SCUSSIOr-.; 
General Remarks on Hum an Mon ocytopoiesis 
Blood monocytes a rise from promonocytes in the 
bone marrow. Followi ng a short circu lation period 
[25 J monoc~·tes leave the vessels. migrate into the 
tissue. a nd tra nsform into macrophages [14/. 
Under norm a l conditions the proliferative capac-
ity of promonocytes is onl.v partially used [16.27/. 
thus leaving a proliferative reserve. The different 
types of promonocytes show different proliferative 
reserves. The reserve is largest in promonocytes 
with small lymphocyte- like nuclei and decreases to 
progressivel. · lower levels in promonocytes with 
large round or oval nuclei. with slight ly folded 
nuclei. and with distinctly folded nuclei. The 
proliferative reserve at the promonocyte level is 
quickly mobilized if enhancement of monocyte 
demand occurs [16.27 J. 
Monocyte transit from t he bone marrow into the 
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TABLE IV. Frequency distribution ond [aH)TdR labeling indices of morphologically different types of promonocytes in 
bone marrow of 8 patients with chronic eczematous diseases. The results are compared with those from 10 normal 
subjects [24 J 
ucleus morphology of promonocytes 
Small round or oval (%)0 
L.I. (%)" 
Large round or oval (%) 
L.l. (%) 
Slightly folded (%) 
L.I. (%) 
Distinctly folded (%) 
L.r. (%) 
o Relative number of promonocytes in myelogram. 
" [aH)Thymidine labeling index in vitro. 
TABLE V. Frequency distribution and [aH)TdR labeling 
indices of morphologically different types of medullar 
promonocytes in 7 patients with psoriasis vulgaris 
Mean 
Nuclear morphology of Mean (range) patients 
promonocytes Mean 
normal 
Small round or oval ( %)0 32 (13-57) 6.4 
L .r. (%)" 8 (4-15) 1.1 
Large round or oval ( %) 35 (15-49) 1.2 
L.!. (%) 23 (12- 31) 2.3 
Slightly folded ( o/c ) 17 (13-25) 0.3 
L.!. (%) 30 (17-44) 3.0 
Distinctly folded ( %) 16 ( 7-28) 1.1 
L.!. ( o/c ) 28 (21-34) 1.1 
o Relative number of promonocytes in myelogram. 
• ['H )thymidine labeling index in vitro. 
TABLE V!. Frequency distribution and [3HJTdR labeling 
indices of morphologically different types of medullar 
promonocytes in 9 examinations of 8 patients with 
mycosis fungoides 
Nucleus morphology of Mean (range l Mean ~atients promonocytes Mean normal 
Small round or oval (%)" 26 (15- 33) 5.2 
L.I. (%)" 25 (8-51) 3.6 
Large round or oval ( %) 29 (16- 40) 1.0 
L.!. ( %) 33 (18-44) 3.3 
Slightly folded ( %) 15 (8-23) 0.3 
L.l. (%) 37 (1 - 66) 3.7 
Distinctly folded ( %) 29 (10-42) 2.1 
L.1. ( %) 42 (12-68) 1.1 
" Relative number of promonocytes in myelogram. 
• ['H Jthymidine labeling index in vitro. 
blood is restricted, almost selectively, to non-
proliferating G,-phase cells [15J. Mature as well as 
immature cells are released into the blood. How-
ever, the probability of marrow egress is low in 
immature cells and increases with maturation time 
Patients Normal X Patients (x; range) X Norma! 
10 ( 5-15) 5 (3- 8) 1.9 
20 (16--24) 7 (2- 17) 2.7 
34 (28-41) 30 (26--36) 1.1 
28 (14-42) 10 ( 8- 14) 2.9 
37(30-47) 51 (47-54) 0.7 
20 (13- 32) 10 ( 7-13) 2.0 
18 (15-20) 14 (10- 22) 1.3 
17 (15-22) 25 (22- 28) 0.7 
115 J. Two criteria turned out to be particularly 
suitable for estimation of the maturation stage of 
blood monocytes, i.e. , reaction intensity of naph -
thol-AS-D-chloroacetate esterase and [SH ]TdR 
L.I. [28]. Both parameters decrease with increasing 
maturation . Blood monocytes with round or oval 
nuclei represent the most immature cells , those 
with distinctly folded nuclei the most mature ce lls 
(Fig. 2). 
Macrophages are capable of division. However . 
this potential is rarely utilized under normal condi-
tions [26]. Thus. the size of the macrophage pool is 
determined by three components: recruitment of 
blood monocytes, proliferative activity. and life 
expectancy of macrophages [II . 
Findings in Patients 
The present study presented evidence for hyper-
proliferation of monocytopoiesi, in chronic ec-
zematous diseases. psoriasis vulgaris, and mycosis 
fungoides. This hyperproliferation manifested it-
self in a uniform pattern of findings: (J) enlarge-
ment of the pools of promonocytes in the bone 
marrow ; (2) a rise in ISH JTdR L.I. of promono-
cytes; and (3) an increase in the immature mono-
cytes being released from the bone marrow into 
blood. The promonocyte and L.J. changes were 
most markedly expressed by the small promono-
cytes exhibiting small round or oval lymphocyte-
like nuclei . The differences between patients and 
normals were less with all the other types. 
Hyperproliferation of monocytopoiesis has been 
observed also in patients with chronic gas-
troduodenitis [16,27J, tuberculosis, and untreated 
Hodgkin 's disease (unpublished obse rvation s) 
(Tab. VII). The patterns of deviation from normal 
were basically similar. 
These results indicate that several inflammatory 
processes, several types of infection, and several 
malignant tumors are associated with monocyto-
poietic hyperproliferation or monocytopoielic 
stimulation. Enhanced monocytopoietic prolifera-
tive activity probably reflects increased monocyte 
demands of the organism caused by pathologic 
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monocyte-consuming processes . The response in 
any of these pathogenetically different inflamma -
tory and malignant diseases was basically uniform: 
mobilization of the proliferation reserve at pro-
monocyte level , being particularly pronounced for 
small promonocytes with lymphocyte-like nuclei , 
and premature monocyte release from bone mar-
row to blood . The only difference was in the 
magni tude of the response (Tab . VII) . 
The degree of monocytopoieti c hyperprolifera -
tion probably reflects the monocyte demand rate of 
pathologic monocyte -consuming diseases. There-
fore , the results listed in Table VII would a llow for 
a rough estimation of the monocyte demand rate : 
1. Monocyte demand in chronic inflammatory 
processes such as gastroduodenitis, eczematous 
diseases, and psoriasis vulgaris seems to be rela-
tively low even though the diseases affect large 
t issue areas. 
2. Monocyte demand seems to be somewhat 
higher in untreated Hodgkin 's disease and mycosis 
fungoides. In both types of malignant lymphoma, 
no obvious association between the clinical stage 
and monocytopoietic hyperproliferation cou ld be 
found. This suggests that monocyte demand in 
mycosis fungoides not only depends upon mono-
cyte influx into the visible skin lesions but also into 
the apparently normal skin where increased 
a mounts of macrophages could be detected [29] , 
and into lymph nodes and viscera which rela tivel y 
frequently seem to be involved in the disease [22]. 
3. Monocyte consumption appears to be particu-
larly high in untrea ted tuberculosis. This sugges-
tion is in accord with experimental data indicating 
high macrophage death or t urnover rates in t uber-
culosis lesions [2 ]. 
4. Monocyte demand in sarcoidosis probably 
does not exceed normal levels significantly. This 
gives rise to the hypothesis that macrophage t urn -
over in t he epitheloid cell ( = activated macro-
phages [30]l granulomas of sarcoid is low. Thus. 
the epit heloid cell granuloma in sarcoidosi seems 
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to represent a counterpart of the experimental 
low-turnover granuloma. [I] . 
5. Monocytopoiesis re turned to normal in pa-
tients with Hodgkin 's di sease upon successful 
treatment. 
The reported observations indicate that mono-
cyte-consum ing pathologic processes of varying 
pathogenesis can be detected and monitored in 
man . The knowledge of this kinetic parameter is an 
important link in understanding the behavior of 
the monocyte-macrophage system in inflamma-
tory, immunologic, and malignant disease. 
The following individuals parti ci pated in the studies: 
Brita Kasten , J oseph Jonitz , M.D ., and Arnulf Wagner, 
M.D . 
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Hodgkin 's disease (in remission ) 4 4.0 (2.7-4.2) 14 (12- 17) 43 (32- 60) 1.2 
M ycosis fungoides 8 4.7 (2.8-7.5) 34 (1 1- 48) 96 \24- 138) 2.1 
a Includes mean increase of 3 parameters: number and I'H ITdR labeling index of promonocytes, and activity index 
of naphthol-AS-D-chloroacetate esterase. 
" Median, range (in parentheses). 
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